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SUttmary 

A structure having a chain-like accelerating 
electrodeconfiguration fitted inside of cylindrical 
cavity . resonating with an Al varez-type TN-QIO node was 
prop:>sed and is being studied. The structure was devised 
to utilize quadrup:>lar electric field produced by high 
frequency field by a particular electrode configuration 
for focusing of the heavy-ions at medium velocity region, 
instead of ordinary magnetic quadrup:>les. Its study is 
only at a preliminary stage at present, nevertheless, 
p:>Ssibility to get moderate effective shunt impedance for 
region of velocity of nore than a few percent of that of 
light has been revealed. 

Introduction 

Recent success of the RFQ linacs which use high 
frequency electric field not cnly for acceleraticn but 
also for focusing has sol ved most problems associated 
with acceleration of intense low velocity ions. l There 
are many plans to apply this technology for acceleration 
of light and heavy ions to be used for variety of basic 
researches and applications. 

On the other hand, the idea of spatially uniform 
acceleration and focusing scheme of Kapchinsky and 
Teplyakov2 which fonns basis of the RFQ linacs is knOlol1 
to be applicable only to a low energy region, 1 ~leV/n or 
less because of its low effective shunt impedance. 
Acceleration to the higher energy is usually done by the 
ordinary Al varez linacs. Boussard tried focusing by the 
high frequency accelerating field at the higher ~lergies 
by attaChing circular rods to the face of drift tubes. 3 
Similar configuration was prop:>sed by R. W. I<luller for 
his split coaxial structure.4 Realization of acceleration 
of intense beam of heavy ions ~/iL'1 a small charge to mass 
ratio by the ~luller's linac, proved feasibility of the 
HFQ linac other than the vane type, though its app lica­
tion was for low energy heavy projectiles. 

Ive prop:>se to stlrly another structure. It looks like 
a chain which is CClITlfX)sed by interlacing oorizontal and 
vertical members which have four sides. 'l'he inter laced 
structure is different from that of the Boussard's 
configuration developed fram the drift tube array of the 
usual linacs. Though its stud y still remains in a 
preliminary stage and its geometry is not optimized yet, 
relatively good acceleration efficiency has been found 
for gecrnetries used for the tw:> models studied. 

Resonator 

Fbr the both models, a cylinder made of copper sheet 
reinforced with aluminum bar has been used as an common 
envelope. only the electrode structures inside has been 

interchanged. 

Electrode Structure 

Figure 1 shows how to assemble the chain-like 
structure. The model constructed at first has this shape. 
Figure 2 is an outlook of a portion of the second model. 
Though it looks different fram the structure of the first 
one, its principle of construction is the same with that 
of the latter. Nain difference is cutting off of the 
various part of the electrode of the first, so that 
generation of too strong surface field may be avoided. 

Stans are attached to the center of the longitudinal 
parallel members as shawn in the photograph, r'ig. 3. 

Field Measurements 

r'-Iagnetic analogue as ~ll as high frequency trodels 
were used for study of the characteristics of the chain 
structure. The magnetic lrodels are necessary to know 
axial and radial field ccrnponents separately. The field 
configuration in the structure is expected to have 

azimuthal periodicity of pi, especially in the region of 
focusing. All the RFQ structures have such a pericxlicity. 
Detailed stwy of the behavior of the field canp:>nents as 
a function of the radial, azimuthal and longitudinal 
coordinates is difficult with high frequency models. 

Only constant velocity high frequency rrodels have 
been constructed and no measurements of field tilt along 
the acceleration axis have been made until row. 

Fig. 1 How to combine electrodes to form a chain -like 
accelerating structure. (b) is rotated around 
the beam axis by 90 degrees =ompa r ed to (a). 
(c) shows interlacing of (a) and (b). 

Fig. 2 Cut-away view of the Type 2 electrcxle structure. 

Fig. 3 Photograph of the Typ" 2 electrode array. 
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Axial Field. Fig. 4 shows axial field distribution 
in one cell along the central beam axis of the Fig. 1 
which we narre 'l'ype 1. Fig. 5 is a similar measurerrent for 
the second model which we call Type 2. Smoother 
transition from positive to negative field for the Type 2 
than for the Type 1 is caused by a much larger beam 
aperture of the former than for the latter. It is 14 nun 
in diameter for the Type 1, whereas for the 1'ype 2, it is 
only 6 mm. The large aperture was necessary to measure 
off-axis field. 

Fig. 6 gives such an example of difference in axial 
field distribution along lines 3 mm off axis but on the 
azimuthal position different by 90 degrees. 
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Fig. 4 Axial field distribution along the central axis 

of the Type 1 structure. 
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Fig. 5 Axial field distribution along the central axis 
of the Type 2 structure. 
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Fig.6 Axial field distribution along lines 3 mrn off 
axis of the Type 2. In the focusing region, the 
distribution changes according to the azimuthal 
positions of the lines. 
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Fig. 7 tbcusing radial field. (a) Center of the focusing 
region. (b) 4 nun from the center. (c) 10.2 mrn 
from the center. Longitudinal length of the 
focusing electrode is 13 mrn and distance between 
the electrode chips is 20 nun. Dependence of the 
focusing field on the azimuthal position is 
clearly seen. 

Radial t'ield. Figure 7 shows measured radial field 
for the Type 2 at the two azimuthal angles 90 degrees 
apart. (a) is the distribution at the center of the 
focusing region. Longitudinal length of the pole which 
generates the quadrupolar field is 13 rnm and distance 
bet"""en the pole tips in the opposite azimuthal angle is 
20 rrm. The radial fields for the tv.o angles at the center 
alnost =incides with each other. (b) is the measurerrents 
at the longitudinal position 4rnm displaced from the 
center. (c) is for the position 10.2 mrn from the center 
or 3.7 nun outward from the edge of the pole. Dependence 
of focusing strength on the azimuthal and axial positions 
is clearly seen in the figures. 

Results and Discussions 

rrom the measured axial field distribution, energy 
gain per ce 11 and focusing strength can be calculated. 
ror instance, for an accelerating gradient of 1 t-lV/m of 
the TN-DID rrode, we found 84 keV times phase factor of 
the synchronous particle as the gain of energy per cell 
for a singly charged projectile in the Type 2 structure. 
'The gain =rresf'Onds to 1.4 MeV /m for the projectile with 
stable phase at the crest of the RF. 

The calculated energy gain is larger than that 
expected for an Alvarez linac having the same field 
gradient and ce 11 length, in this case 60rrun and gap to 
cell ratio of 1/4. 

Reason of the large energy gain is as follows: 
First, the potential difference which appears across the 
accelerating gap is larger than that corresponding to 
length of a cell, because distance between the sterns 
supporting the electrodes is tv.o cell instead of one cell 
for the Alvarez case; Second, as seen in Fig. 4 and 5, 
there exists axial field with reversed sign in the 
focusing region. Though it is not strong as in the 
accelerating gaps, still gives~mode acceleration effect. 
Since axial length of the focusing region was made 
relatively large in the rrodel, transit time factor is 
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small and is bU% or less. probably the value may be 
improved by choosing shorter length for the focusing 
region if focusing strength allows to do so. In the 
present geometry, the focusing field gradient is 18 
kV/cm. The quadrUlJOle gradient is adjustable by choosing 
distance between pole chips. 

Effective shunt impedance 

It was estimated by comparing Q-values of the 
structure with that of an Alvarez type for which 
calculation code can give fairly good prediction of 
distribution of power dissipation in the cavity. fbr the 
structure of FIg. 1 of which resonant frequency was 324 
NHz, it was something around three times of that for an 
ordinary Al varez type. For the type of Fig. 2, such a 
ccmparison has not be made yet. Ibwever, rough estimation 
shows the ratio of shunt impedance of this structure and 
the Alvarez type is smaller than the value for Fig. 1 
mentioned above. 

Effect of Gecrnetrical Parameters on the other hand, 
we found considerable dependence of the energy gain on 
the various geanetrical parameters of the cell like beam 
aperture in the accelerating electrode, thickness of 
electrode and so on. Correlation and weight of the 
parameters on the field distribution and energy gain Jnust 
be studied in detail before fabrication of any velocity 
dependent rrrxlel. 

Orbit Dynamics There is a periodicity of 1t in 
longitudinal and transversal field around the beam axl.S 
in the focusing region as ooted above. Its effect on beam 
trajectory must be studied numerically. Its code is being 

prepared. Since its field pattern is similar to the 
RFQ's, especially to that of ~Iuller's split coaxial 
resonator loaded with thin drift tubes with fingers, 
probably no serious difficulty will be met. 

Dependence on Velocity of the Effective Shunt 
Impedance. This-structure lookS! ike a InU 1 tl.stem 
structure of Alvarez type. But its acceleration rrrxle is 
21t-rrrxle between neighbouring a=eleration regions helped 
with a small fC-mode effect in the focusing region. 
Ccrnpari5a1 between Fig. 1 and Fig. 2 suggests dependency 
similar to the lVideroe structures for the effective shunt 
impedance on velocity of ions. However, the two models 
have quite different shape and an exact canpari5a1 is oot 
possible. further stLdy is necessary. 
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